abstract BACKGROUND AND OBJECTIVES: No recommendation exists for or against routine use of brief, formal screening instruments in primary care to detect speech and language delay in children through 5 years of age. This review aimed to update the evidence on screening and treating children for speech and language since the 2006 US Preventive Services Task Force systematic review.
RESULTS:
We found no evidence for the impact of screening on speech and language outcomes. In 23 studies evaluating the accuracy of screening tools, sensitivity ranged between 50% and 94%, and specificity ranged between 45% and 96%. Twelve treatment studies improved various outcomes in language, articulation, and stuttering; little evidence emerged for interventions improving other outcomes or for adverse effects of treatment. Risk factors associated with speech and language delay were male gender, family history, and low parental education. A limitation of this review is the lack of well-designed, well-conducted studies addressing whether screening for speech and language delay or disorders improves outcomes.
CONCLUSIONS: Several screening tools can accurately identify children for diagnostic evaluations and interventions, but evidence is inadequate regarding applicability in primary care settings. Some treatments for young children identified with speech and language delays and disorders may be effective. Speech and language delays and disorders are common, with an estimated prevalence between 5% and 12% (median, 6%) in children 2 to 5 years of age. 1 A speech or language delay implies that the child is developing speech or language in the correct sequence but at a slower rate than expected, whereas a speech or language disorder suggests that the child's speech or language ability is qualitatively different from what is typical. In this review, we use speech and language "delay," "disorder," "impairment," and "disability" interchangeably.
The American Speech-LanguageHearing Association guidelines describe a speech disorder as an impairment of the articulation of speech sounds, fluency, or voice and a language disorder as impaired comprehension or use of spoken, written, or other symbol systems. A disorder may involve the form of language (phonology, morphology, syntax), the content of language (semantics), and the function of language in communication (pragmatics) in any combination. 2 Because prelinguistic communication behaviors (eg, gestures, babbling, joint attention) are associated with language delays, [3] [4] [5] this review considers screening of both verbal and preverbal communication skills.
Young children with speech and language delay in the preschool years may be at increased risk for learning disabilities once they reach school age. 6 Children with both speech sound disorders and language impairment are at greatest risk for language-based learning disabilities (eg, difficulties in reading and written language). 7, 8 Estimates of the increased risk for poor reading outcomes in grade school are 4 to 5 times greater for children with speech and language impairment than for children with appropriate development [9] [10] [11] [12] ; risk persists into adulthood. 13 Adults who had speech and language disorders as children may hold lower-skilled jobs and are more likely to experience unemployment than other adults. 14 Behavior problems and impaired psychosocial adjustment associated with speech and language may also persist into adulthood. [15] [16] [17] Identifying speech and language problems before children enter school can foster initiation of early interventions before these problems interfere with formal education and behavioral adjustment. AAP clinical guidelines recommend that pediatric health care providers perform surveillance at every well-child visit for children ,36 months of age; should concerns arise, screening should be administered using standardized developmental tools. 18 Irrespective of concerns, the guidelines identify 9, 18, and 24 or 30 months as appropriate ages for developmental screening.
In 2006, the US Preventive Services Task Force (USPSTF) concluded that evidence was insufficient to recommend for or against ("I statement") routine use of brief, formal screening instruments in primary care to detect speech and language delay in children up to 5 years of age. In 2013, the USPSTF commissioned a new systematic review of the current evidence on brief, formal screening for speech and language delays and disorders in children 5 years old and younger. 19 The USPSTF used it to update its 2006 recommendations about screening in primary care settings.
METHODS
Following the USPSTF Procedure Manual, 20 we developed an analytic framework ( Supplemental Fig 2) We used a PICOTS (populations, interventions, comparators, outcomes, timing, settings, and study designs) approach to identify studies that met inclusion and exclusion criteria that we developed for each key question (see Appendices B and C of the full report). 19 Two reviewers independently applied inclusion and exclusion criteria to all studies in the 2006 review and to all new studies from our update searches.
An investigator abstracted evidence from included full-text articles for each key question; a second investigator checked and confirmed each abstraction. We also checked for errors in the abstractions of studies in the 2006 review. Two reviewers independently rated the quality of each study based on USPSTF guidelines as good, fair, or poor (see Appendix D of the full report); 19 they resolved discrepancies by discussion. We reassessed the quality rating of studies in the 2006 review to ensure that they met current criteria. If 1 reviewer disagreed with this earlier assessment, we rerated the quality of that study through dual review.
We abstracted accuracy statistics when available from screening studies. When investigators did not provide accuracy statistics, we calculated sensitivity, specificity, prevalence, positive and negative predictive values, positive and negative likelihood ratios (LRs), and 95% confidence intervals (CIs) for sensitivity and specificity (see Appendix E of the full report). 19, 21 We evaluated applicability to US primary care populations based on demographics, coexisting conditions, representativeness of the population, study refusal rate, severity of the delay, and recruitment source and applicability of the intervention/ screening (ie, how well the clinical experience is liable to be reproduced in other settings).
This review was funded by the Agency for Healthcare Research and Quality (AHRQ). The USPSTF members and AHRQ Medical Officers helped develop the scope, KQs, and analytic framework that guided our literature search and review.
RESULTS
We document the impact of screening using evidence derived from included studies identified through the 2006 report, 22, 23 our database and manual searches, 19, 24 and recommendations from peer reviewers. We had evidence for 5 of 7 KQs (Supplemental Fig 2) ; we had no evidence for KQ3 (adverse effects of screening) or KQ4 (surveillance by primary care clinicians). Figure 1 shows the flow of studies from initial identification of titles and abstracts to final inclusion or exclusion.
KQ1: Improvements in Outcomes
No study met the 2006 inclusion criteria to determine whether screening improved either speech and language or other outcomes. One randomized controlled trial (RCT) met our inclusion criteria by randomizing a large national sample of children who received regularly scheduled care at child health centers to early screening and measuring outcomes at 8 years of age. 25, 26 We did not include evidence from this trial owing to a rating of poor quality caused by very high attrition.
KQ2: Accurate Identification of Children for Diagnostic Evaluations and Interventions: Screening Accuracy
We examined the accuracy of screening techniques and whether accuracy varies by demographic and screening source. We included 24 good and fair studies (26 articles):
FIGURE 1
Flow diagram of study retrieval and selection. b Some studies are included for more than one key question or contextual question.
c One systematic review was the review being updated for this report.
8 newly identified studies (9 articles [27] [28] [29] [30] [31] [32] [33] [34] [35] , and 16 studies (17 articles) from the 2006 review [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] (Supplemental Table 3 ). Supplemental Table 4 describes relevant screening instruments.
Detailed Synthesis of Evidence on Screening Accuracy Tables 1 and 2 Accuracy by Age of Child ASQ sensitivity was marginally higher for older children (4.5 years) in 1 study 27 than for younger children (2 to 3 years) in 2 other studies. 28, 29 However, in the latter 2 studies, the positive LRs indicated at least a moderately higher likelihood of a language delay in children who screened positive relative to children who screened negative; we saw no such increase in the likelihood of delay in the study of older children. The negative LRs were small and equivalent for both younger and older samples.
Four of the 5 CDI studies examined the accuracy of the toddler version (18 to 36 months). 29, 30, [32] [33] [34] The fifth study used the preschool version with children 36 to 62 months of age. 28 Accuracy of the 2 versions was similar. The 1 ITC study separately considered 2 age groups of toddlers (12 to 17 months; 18 to 24 months); accuracy was similar for younger and older toddlers. 35 
Accuracy of Longer-Term Prediction
Two studies examined the accuracy of parent-reported screeners for predicting long-term language delay. 32, 33, 42, 43 Both studies examined the accuracy of the screener at 2 years in relation to the reference standard (a diagnostic tool) at both 2 years and 3 years. In the LDS study, 43 sensitivity for detecting a language delay at 3 years was 67% (91% at 2 years). Specificity for detecting typical language development at 3 years was 93% (96% at 2 years). In the ELFRA-2 (ie, German CDI) study, 32, 33 sensitivity and specificity at 3 years were 94% (93% at 2 years) and 61% (88% at 2 years), respectively.
Accuracy of Screening Instruments Used by Trained Examiners
Twelve studies examined the accuracy of instruments administered by trained examiners, including nurses, primary care providers, teachers, and paraprofessionals (Table 2) . 27, 31, [36] [37] [38] [39] 41, 44, 45, 48, 50, 51 These studies tended to focus on older preschool-age children: 3 studies included children 2 to 3 years of age 44, 45, 48 27 DOCT, 36 Early Screening Test, 27 Hackney Early Language Screening Test, 45 Northwestern Syntax Screening Test, 37 and SKOLD, 38 indicated at least a moderately lower likelihood of language delay for those who screened negative.
Accuracy by Age of Children and Language Dialect
One study used the SKOLD to screen children ages 30 to 48 months. 38 For versions appropriate for children 30 Table 5 ). Of these, 11 examined language outcomes and 8 measured speech outcomes. The systematic review of treatment of childhood apraxia of speech failed to find any studies that met our inclusion criteria, so we did not consider it further. 60 
Language
Of 11 studies measuring language outcomes (Supplemental Table 6 ), 4 used parents as the primary intervention agent. 57,61-63 In 2 trials testing variations of the Hanen Parent Program 57,62 for toddlers with language delays, 1 found significant effects on expressive language measures favoring the treatment group; 62 in contrast, another trial found no significant differences in receptive or expressive language. 57 Group training on language activities for parents of toddlers with limited expressive language found significant effects on expressive and receptive language. 61 Finally, 1 group of parents learned activities to target speech sounds and a second group of parent shared storybooks with their children 63 ; neither treatment was associated with gains in child expressive syntax or semantic knowledge compared with the control group.
Two trials tested treatments primarily or exclusively delivered in 65 With an average of only 6.2 hours of therapy over 12 months, children showed small but significant gains in receptive, but not expressive, language relative to controls. Another trial involving 4-year-olds with specific language impairments tested a manualized intervention that addressed individualized language goals, phonological and print awareness, and letter knowledge. 59 The intervention had no significant effect on expressive, receptive, or pragmatic language. A third trial tested the effects of a strategy called recasting (repeating what is said by a child, with correct articulation or with a grammatical expansion of the child's utterance). 58 The intervention had no overall effect on children's mean length of utterances but did produce improvements among children with the lowest baseline articulation skills. The fourth trial tested whether an individualized treatment of children with speech sound disorders affected mean length of utterance but found no significant language effect. 66 Finally, preschoolers with language impairments who played with peers with age-appropriate language skills in the house play area of their classroom over a 3-week period improved significantly on activityspecific expressive language. 64 
Speech Sounds
Eight trials reported on various speech sounds 54,58,59,63,65-68 (Supplemental Table 6 ). Of 2 trials of parent-mediated interventions, 1 found that a modified Hanen Parent Program had significant effects on consonant inventory and syllable structure. 67 In the other trial, parents engaged the child in activities directed at discrimination of sounds. 63 Children in the control condition improved more in auditory discrimination in the presence of background noise than experimental subjects.
A small group intervention for toddlers significantly improved the percentage of intelligible utterances for treated children. 68 Two studies examined individual treatment by speech-language pathologists. One examined the effects of the "cycles" approach to phonological therapy (wherein rule-based errors in the child's speech sound production are treated through recursive cycles of therapy) for preschoolers with severe phonological disorders; the intervention produced significant effects on standardized tests and percentage of correct consonants from a speech sample. 66 The other study found no improvement in phonology error rate for children randomized to usual community speech-language pathology services for a year; however, treated children were 2.7 times less likely to exhibit the severity of speech sound problems used as a criterion for initial study eligibility. 65 The recasting trial found no main effects on children's intelligibility, but did find improvements among children with the lowest baseline articulation skills. 58 Two studies reported that their interventions significantly improved phonological awareness skills in preschoolers. In one, teaching assistants delivered small group and individual lessons 54 ; in the other, language assistants provided individual home-based interventions. 59 
Fluency
Two trials examined the Lidcombe Program of Early Stuttering intervention. 69 Both significantly reduced stuttering in preschoolers, when delivered in a clinic setting 55 and when using a telephone-based health delivery model. 56
KQ6: Treatment: Outcomes Other Than Speech and Language
Two trials examined effects on socialization. One, among children receiving community-based speechlanguage services, produced no significant effect. 65 The other, among language-delayed toddlers receiving small-group therapy, produced large and significant differences favoring the treated children. 68 For reducing behavior problems, one trial tested the effectiveness of a low-intensity parent group program 57 and another an in-home individualized program provided by a language assistant 59 ; neither found significant effects. Similarly, measures of well-being of toddlers 65 and health-related quality of life of preschoolers 59 yielded nonsignificant effects of treatment.
In 2 trials, toddlers randomized to speech-language services were no different from controls on attention level or play. 65, 68 Parents of languagedelayed toddlers participating in small-group language therapy reported significantly greater improvements in parental stress. 68 Two trials measuring emergent literacy skills among preschoolers 54, 59 found that letter knowledge improved significantly, but one failed to find a significant effect for a broader construct of literacy. 54 However, treatment did significantly improve a measure of reading comprehension administered at 6-months of follow-up.
KQ7. Adverse Effects of Treatments
Three studies examined potential adverse effects of interventions but reported no negative impacts on children or parents. 59, 65, 68 
DISCUSSION

Screening Accuracy
Some screening instruments accurately identify children for language delays or disorders. As in the 2006 review, however, we observed wide ranges of reported sensitivity and specificity; no one instrument clearly demonstrated the best characteristics or 1 age as optimal for screening. We compared findings from the same instrument in different populations; specifically, accuracy of 3 parent-rated screeners (ASQ, CDI, and ITC) and 2 trainedexaminer screeners (Fluharty Preschool Speech and Language Screening Test and SKOLD) across ages. CDI, ITC, and SKOLD displayed consistency and acceptable levels of sensitivity and specificity ($70%) 70 at each age level; this suggests that they are more robust across different ages than ASQ and Fluharty Preschool Speech and Language Screening Test, which had generally low sensitivity across age levels.
Accuracy apparently drops over time.
In the 2 studies 32, 33, 42, 43 that examined whether a parent-report screener administered at 2 years would be as accurate at 3 years, sensitivity was lower in 1 study and specificity was lower in the other. Decreasing specificity with time may mean some that some children with language delays will "catch up" and display more typical language skills as they age. 71 The comparison between parentrated and trained-examiner screeners indicated many similarities in performance characteristics. Aside from the Denver Developmental Screening Test (now known as the Denver II), most trained-examiner tools are not used in primary care offices and would require a dedicated, trained examiner to test the child directly. Three parent-rated screeners (CDI, ITC, and LDS) display acceptable sensitivity and specificity. Moreover, because parents complete these screeners, adopting them in a screening program would not burden a primary care practice with training someone in test administration. The more extensive information that parents provide related specifically to their children's language skills may help explain their greater accuracy in identifying children with speech and language delays than broad-based screeners that include other domains but fewer speech and language items. Moreover, staff in primary care settings could likely interpret results from parent screeners with little difficulty.
Treatment Outcomes
The majority of the 13 trials support the effectiveness of treating young children with language delays and disorders (6 of 11 trials reporting significant positive results) and those with problems with speech sounds (6 of 8 trials reporting significant positive results), and toddlers and preschoolers for fluency problems (2 of 2 trials reporting significant positive results). Individual and small-group service delivery models and various intervention agents, including parents supported or trained by professionals, speech-language pathologists, and trained teaching or therapy assistants, generally favored intervention groups.
Multiple factors limit the confident interpretation of this body of evidence on speech and language treatment. These factors involve (1) the small size of many trials, which constrains investigating moderators and mediators of treatment effectiveness; (2) the lack of replicated positive findings for any treatment approach except the Lidcombe program for stuttering; (3) the wide variability across trials in the age of children treated, intervention agents (eg, speechlanguage pathologists, teaching assistants, parents, research staff), intensity, content, and strategies; (4) the relatively small number of trials using manualized treatments or providing enough details of the treatment to permit replication; (5) a corresponding lack of data detailing treatment fidelity in many trials; (6) a lack of common outcome measures; and (7) inconsistency in how results are reported. Because of this degree of heterogeneity, we could not do any meta-analysis. Overall, the evidence offers little guidance about specific factors associated with effective treatments for young children with speech and language delays.
Contextual Issues: Risk Factors
One contextual issue involved whether consistent, reliable, and valid risk factors exist that clinicians could use to identify children at highest risk for speech and language delay and disorders. 19 We examined 31 cohort studies, 24 with multivariate analysis to control for other factors, and 1 review of studies on characteristics of late-talking toddlers; 20 cohort studies involved English-speaking children (Supplemental Tables 7 and 8 This condition likely would make parents more willing to consent to enrolling their children in a RCT, but it constrains our ability to look at longrange outcomes for treated versus untreated children.
Future Research Needs
To determine whether screening for speech and language delay or disorders improves speech, language, or other outcomes, studies need to be specifically designed and executed to examine these issues. Furthermore, they need to be implemented with little risk of bias. This research gap presents an opportunity for a large study in primary care settings to test the efficacy of systematic routine screening for speech and language delays and disorders in comparison with not implementing routine screening. In tandem with this, the field would benefit from a study to examine the feasibility of speech and language-specific screening as part of the more general developmental screening that is already recommended. 18 Given federal mandates under the Individuals with Disabilities Education Act that all children with a documented speech or language delay receive early intervention, conducting RCTs to examine the efficacy of interventions may be difficult in future. Protocols may adopt rigorous quasi-experimental designs, such as regression discontinuity designs, to answer intervention questions. Well-designed and implemented regression discontinuity designs meet standards for rigor for evaluations of evidence sponsored by the Institute of Education Sciences.
We recommend that stakeholders with an interest in screening develop research agendas and funding targeted to answer the important questions that we could not address. Future systematic reviews will benefit from an enhanced literature base.
CONCLUSIONS
We found no evidence to answer the overarching question of whether screening for speech and language delay or disorders improves speech and language outcomes. Studies from the 2006 review and our newly identified studies suggest that some screening instruments can accurately pinpoint these disorders. Although the parent-rated instruments require only that the primary care provider interpret the findings, studies have not examined this in practice. As in the 2006 review, we found no studies that addressed the harms of screening for speech and language delays. Neither did we find any evidence about the role of enhanced surveillance by a primary care clinician once a child elicits clinical concern for speech and language delay. Building on the 2006 review, we found evidence supporting the effectiveness of treating speech and language delays and disorders in children. Nevertheless, the whole body of evidence does not provide guidance regarding specific factors associated with effective treatments for young children with speech and language delays or disorders. Finally, we found no evidence relating to the harms of treating speech and language delays or disorders. 
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